Object. Neurosurgeons are inundated with vast amounts of new clinical research on a daily basis, making it difficult and time-consuming to keep up with the latest literature. Meta-analysis is an extension of a systematic review that employs statistical techniques to pool the data from the literature in order to calculate a cumulative effect size. This is done to answer a clearly defined a priori question. Despite their increasing popularity in the neurosurgery literature, meta-analyses have not been scrutinized in terms of reporting and methodology.
simple, broad review of a given topic, typically done by an expert in the field, often with no specified intervention or outcome(s) evaluated. A systematic review is a much more rigorous and labor-intensive undertaking that seeks to answer a clearly defined question through a multistep process that is carried out in accordance with explicit, transparent, and reproducible methods. Systematic reviews summarize findings from papers located using a thorough search strategy and meeting certain eligibility criteria. The purpose of conducting a systematic review in such a stepwise, thorough fashion is to limit the introduction of bias-any process that systematically and nonrandomly causes a deviation of results and inferences from the truth-thus making the conclusions of the review more reliable and accurate. 45 A meta-analysis is a direct extension of and often included in a systematic review. It uses the same steps but integrates the data from the studies using statistical techniques to obtain a pooled-effect estimate with greater power to detect true differences (and, by definition, a reduced chance of false-negative results, or Type II error) and thus is less influenced by the findings of any one study. Meta-analyses have become increasingly popular in the medical literature but no less controversial. 33 For example, there are cases in which the findings of meta-analyses that were based on small trials were subsequently disproven by a single large randomized trial. 35, 62 As with systematic reviews, strict adherence to methodology is critical with meta-analyses to make them valid and precise and to avoid the oft-stated "garbage-in, garbage-out" criticism.
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A major advance in evidence-based medicine has been the development of structured checklists for methodology and reporting of systematic reviews and metaanalyses. The first checklist specific to meta-analyses was the Quality of Reporting of Meta-analyses (QUOROM), 68 which was published in 1999 and designed to address the suboptimal reporting of meta-analyses. QUOROM is similar to the Consolidated Standards of Reporting Trials (CONSORT, www.consort-statement.org) for reporting of randomized controlled trials, which was published in 1996. 14, 70 In 2009, QUOROM was revised to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA, www.prisma-statement.org) to encompass both systematic reviews and meta-analyses and address several conceptual and practical advances in the science of secondary research. 69 Because of the increasing number of published meta-analyses using observational studies, the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) Group created a 6-section reporting cookbook: background, search strategy, methods, results, discussion, and conclusion. 100 The Cochrane Collaboration provides a detailed, standardized handbook for systematic reviews that must be used by all submitting authors (http://www. cochrane-handbook.org/).
Adequate reporting does not necessarily ensure that the contents of the document are valid and precise. In other words, a systematic review or meta-analysis may be well written, but if the methods employed to derive a pooled estimate of the effect size are flawed, then the entire process is of questionable value. Indeed, the creators were clear that PRISMA could be useful for critical appraisal of published systematic reviews and meta-analyses but should not be used as an instrument to gauge their quality. 69 The overall quality of a systematic review or metaanalysis, in our opinion, is a function of proper reporting but, much more importantly, of using the correct methodology to limit bias and ensure the internal validity of the findings. Similar to checklists for reporting, checklists for methodology have been created. Several well-known early questionnaires were the Overview of Quality Assessment Questionnaire (OQAQ), 76, 77 the Potsdam guidelines, 22 and the Sacks instrument. 88 In 2007, the Assessment of Multiple Systematic Reviews (AMSTAR) was developed by combining elements of the OQAQ and the Sacks instrument as well as other items based on methodological advances that had been made since OQAQ and Sacks had been introduced. 92 It has been found to be valid, feasible, reliable, and to have good inter-rater agreement. 91, 93 Since their development, PRISMA and AMSTAR have become widely accepted by many journals as the tools to ensure proper reporting and methodology of systematic reviews and meta-analyses. In addition to these checklists, many textbooks have been published that thoroughly describe the various components and their function within a metaanalysis or systematic review. 18, 34, 104, 112 It is our impression that the term "meta-analysis" is being used with increasing frequency in the neurosurgical literature; however, is it being used appropriately? Is meta-analysis being performed too frequently? The word seems to be used to denote any attempt at combining data from two or more publications. Until very recently, academic neurosurgery has not mandated the use of the various checklists to ensure quality of reporting and methodology. The journal Neurosurgery now requires that all meta-analyses be reported as recommended by PRISMA or MOOSE guidelines, but does not require the use of a methodology questionnaire. 11 We set out to apply the PRISMA and AMSTAR checklists to all meta-analyses in the neurosurgical literature to assess the quality of reporting and methodology.
Methods

Search
A search was conducted to identify all meta-analyses that had ever been published in the JNS (Journal of Neurosurgery) Publishing Group journals (Journal of Neurosurgery, Journal of Neurosurgery: Spine, Journal of Neurosurgery: Pediatrics, and Neurosurgical Focus) or in Neurosurgery through 2012. The words "metaanalysis," "metaanalysis," "meta-analyses," and "metaanalyses" were searched either in the title, abstract, or key words. The search was conducted on PubMed/ MEDLINE, and the results were cross-referenced with searches performed on the web sites of the respective journals.
Definition
There are 6 components that we deemed necessary for a meta-analysis. We defined a meta-analysis as a:
1. multistep process that 5. An overall or pooled effect size (for example, odds ratio, rate ratio) is calculated by 6. using appropriate statistical computational methods (fixed-vs random-effects models, measures of heterogeneity or inconsistency).
Although important and preferred, we did not define subgroup or sensitivity analysis or an assessment of publication bias as required elements of a meta-analysis.
Meta-analyses were categorized as analytical, exploratory, or both, as defined by Anello and Fleiss. 5 An analytical type was one in which the main goal was to determine the common or pooled estimate of the effect size. When the focus of the meta-analysis was to explain why the effect sizes vary (that is, to search of sources of variability such as subgroup or sensitivity analysis, meta-regression analysis), then it was considered exploratory.
A "pure" meta-analysis was defined as one in which the entire focus of the paper is the meta-analysis. Conversely, a meta-analysis where the authors first detail their own institution's experience and then secondarily add their results to the literature and perform a metaanalysis was considered "mixed."
An observational study, as defined by Peipert and Phipps, 80 is an etiological or effectiveness study using cross-sectional study, a case series, a case-control design, a design with historical controls, or a cohort design.
Data Collection
AMSTAR and PRISMA were applied to all metaanalyses found in our search. AMSTAR is an 11-item document used to assess quality of methodology for systematic reviews and meta-analyses (Appendix 1). Although the creators of AMSTAR had 4 answer options for each item-"yes," "no," "can't answer," and "not applicable"-we judged that a "can't answer" response was equivalent to a "no." To get a "yes" for an item, the metaanalysis must contain all the major components within that item, as detailed in Appendix 1.
PRISMA is a checklist for reporting that has 27 entries divided into 7 sections: title, abstract, introduction, methods, results, discussion, and funding (Appendix 2). The PRISMA authors have provided a detailed Explanation and Elaboration document that details the meaning and rationale for each checklist item. 64 As with AMSTAR, we recorded one of 3 answers for each item: "yes," "no," "not applicable." Some of the items in the checklist contain multiple components, so if at least half of them were met, then we gave that item a "yes." If less than half of the components were met or a key component was lacking, the item was given a "no." The PRISMA document also contains a 4-phase flow diagram that depicts the process of identifying, screening, determining eligibility, and presenting the reader with the final number of papers that were used in the systematic review or meta-analysis ( Fig.  1) . We recorded whether such a flow diagram was present in the meta-analysis or if the authors provided enough data to construct one.
Each meta-analysis was scrutinized using the AMSTAR and PRISMA checklists, and a score was assigned to the paper. The score was the proportion of items present (that is, the number of items that were given a "yes" response) divided by the number of items in the respective instrument. Each paper was reviewed on 3 separate occasions by the primary author (P.K.). Other data collected for each meta-analysis included the type of papers that were used in the meta-analysis (randomized controlled trials, observational studies, or both), the type of meta-analysis (pure vs mixed, analytical vs exploratory vs both), the topic of the meta-analysis (spine, trauma, vascular, infection prevention, functional/epilepsy, pain, oncology, peripheral nerve, pediatrics, and other), whether it satisfied our definition of a meta-analysis, whether there was one or more individuals identified as contributing to the paper who conceivably had additional training in meta-analysis techniques, such as a biostatistician, epidemiologist, or one with a master's degree in public health, and whether the authors reported using one or more established reporting or methodology questionnaires as mentioned in the Introduction.
Questions
We sought to answer the following 4 questions: Is the quality of reporting and methodology of meta-analyses in the neurosurgery literature 2. Better if the authors or other acknowledged contributors include one or more individuals who might have additional expertise in conducting a meta-analysis?
3. Different when comparing pure versus mixed meta-analysis?
4. Different in those meta-analyses that met our definition compared with those that did not?
Statistical Analysis
For each paper, an AMSTAR and PRISMA "score" was calculated. The responses for each item from both checklists were collapsed into "yes" versus "not yes" categories, with the "yes" responses being summed then divided by the total number of items in the respective instrument. The number of items in the AMSTAR instrument-the denominator for the calculation of the scoreis 11. The denominator used in the PRISMA score differed depending on whether the authors conducted any additional analyses (items 16 and 23 from the checklist). If they did not conduct any additional analyses ("not applicable"), then the denominator was reduced from 27 to 25 as a way to distinguish (and not penalize) those papers that did not include additional analyses from those that did. Both the AMSTAR and PRISMA scores are bounded between 0 and 1 (0% and 100%).
The statistical analysis in the present paper was largely descriptive. Frequencies were calculated presenting the distribution of papers by journal, time period (1990-1999, 2000-2009, 2010-2012) , pure versus mixed analysis, presence of meta-analysis expert, paper types constituting the meta-analyses, topic, and our assessment of whether the paper qualifies as a meta-analysis (yes vs no). Tests of statistical significance relied on the Wilcoxon rank-sum test or Spearman test, and significance was reached if p < 0.05. All p values are 2-sided. Stata/SE 11.2 was used for all analyses.
Results
We identified 76 meta-analyses in the neurosurgery literature from 1990 through the end of 2012 using our search criteria (Table 1) . Two articles were excluded from analysis because the meta-analysis performed was of such poor quality that AMSTAR and PRISMA could not be applied. 4, 59 The recent meta-analysis by van Leeuwen et al. 110 was not analyzed because it is an individual patient data meta-analysis, and many of the items in both checklists were "N/A." We also excluded our recent meta-analysis to avoid a conflict of interest. 58 Thus, 72 papers were included in our analysis. The Journal of Neurosurgery and the other JNS Publishing Group journals published 65% of the meta-analyses, and the most common topics in all journals were vascular (21 meta-analyses, 29%). More than half of the meta-analyses (39, 54%) were based solely on observational studies and were either analytical (29, 40%) or analytical and exploratory (21, 29%). In 11 (15%) studies, the authors stated that they used one of the 3 available reporting checklists (MOOSE, QUOROM, PRISMA) in preparing their paper, but no one reported using a methodology checklist. Figure 2 depicts the number of meta-analyses that were given a "yes" response to each of the 11 questions in AMSTAR. Fifty percent or more of the papers received a positive response for 3 items (Q1, Q6, Q9). Most papers clearly stated their research question and inclusion criteria (Q1), but there were very low responses for duplication of study selection and data extraction (Q2), use of "gray literature" (Q4), list of included and excluded studies (Q5), and assessment and analysis of study quality (Q7, Q8), and only one study documented source(s) of financial support for the meta-analysis and each of the included studies (Q11). Half of the papers used appropriate methods to combine findings (Q9). Publication bias was adequately assessed in 21 papers (29%, Q10).
The results for PRISMA questions are shown in Fig. 3 . More than 50% of the papers (more than 36) had positive responses for 16 (59%) of the 27 PRISMA items. Conversely, there were low responses for the remaining 11 questions-29 or fewer papers successfully satisfied these items. High responses were recorded for the items in PRISMA that required using "meta-analysis" in the title of the paper, having a structured abstract, describing rationale and objectives of the meta-analysis in the introduction, and providing inclusion/exclusion criteria and details of the search strategy, but few adequately reported the process for selecting studies and collecting data (Q9, Q10). No papers indicated that a protocol existed and/or was registered and accessible. As for AMSTAR, it was infrequent for a paper to assess bias within individual studies, that is, assigning some measure of quality to the included studies (Q12, Q19) and across studies, that is, publication bias (Q15, Q22). Almost all papers that adequately described methods for additional analyses, such as sensitivity analysis, subgroup analysis, or meta-regression, presented their results (Q16, Q23). The 3 items-summary of evidence, study limitations, and conclusions-for the Discussion (Q24-26) had positive responses in 44 or more of the papers. Funding, which unlike in the case of AMSTAR was specific only for the meta-analysis, was reported in 26 papers. Seventeen papers (24%) contained a search flow diagram or presented enough data to construct one.
Study Questions
The results of our 4 study questions are shown in Table 2 . The average AMSTAR and PRISMA scores for all 72 papers were 31% and 55%, respectively. Both the AMSTAR and the PRISMA scores appreciably improved with time, although only the PRISMA score showed a statistically significant increase (p = 0.1093 and p = 0.0004, respectively) (Fig. 4) . Both scores were much improved when a plausible expert was involved (p = 0.0003 and p = 0.0117, respectively), when the paper was a pure metaanalysis (p = 0.0034 and p = 0.0018, respectively), and when it satisfied our definition of a meta-analysis (p < 0.0001 for both). The proportions of papers that did not meet our definition based on time intervals were 5 (56%) of 9 from 1990 through 1999, 9 (30%) of 30 from 2000 through 2009, and 7 (21%) of 33 from 2010 through 2012.
Discussion
Definition and History
The term "meta-analysis" was first proposed by Glass in 1976 to mean the "the statistical analysis of a large collection of analysis results from individual studies for the purpose of integrating the findings." 44 The purpose of a meta-analysis is to increase statistical power for primary end points and for subgroups, to resolve uncertainty when reports disagree, to improve the accuracy of effect size estimates, and to answer questions not posed at the start of individual trials. 88 It is in itself an observational study and makes the findings of an original study replace the individual patient as the unit of analysis.
Our Results
Our study shows that the use of meta-analyses is becoming more frequent in the neurosurgery literature. Since 2010, there have been 26 reported in the JNS Publishing Group journals or Neurosurgery, whereas there were 39 in the previous 20 years. This proliferation of secondary research, which includes systematic reviews, occurring across the medical literature, reflects the need for clinicians to synthesize the vast amounts of existing information and provide their patients with the most up-to-date evidence-based treatment recommendations; however, the value of meta-analyses depends on the secondary research being conducted with sound methodology and being reported completely and with transparency. Reports that are biased or have flawed methodology can lead to inappropriate estimates of treatment effects.
We analyzed all qualifying meta-analyses published in the specified journals during the study period according to our search criteria, using AMSTAR and PRISMA for methodology and reporting, respectively. Overall, the mean "scores" for both checklists were less than ideal: 31% for AMSTAR and 53% for PRISMA. In other words, the average meta-analysis in the neurosurgery literature had satisfactorily fulfilled approximately 3 of 11 items in AMSTAR and 14 of 27 items in PRISMA. Thus, the average meta-analysis had better reporting than methodology. All but 2 of the domains in AMSTAR were fulfilled in less than half of the papers (Fig. 1) . Only Items 1 (research question) and 6 (characteristics of included studies) were adequately completed. We found major deficiencies in the method of study selection and data extraction, the literature search strategy, and assessment of scientific quality, heterogeneity, and publication bias of the included studies. Only one paper 1 described the sources of funding for the meta-analysis and all included papers (Q11 AMSTAR), whereas 26 papers indicated funding for the meta-analysis only (Q27 PRISMA). All meta-analyses, particularly those that deal with implantable devices or medications, should fully disclose financial support.
Reporting and methodology of meta-analyses in the neurosurgical literature vary dramatically, as evidenced by the wide range of scores (Table 2) . Twenty-one papers (29%) did not meet our basic definition of a metaanalysis. The difference between the mean AMSTAR and PRISMA scores for those meta-analyses that met our definition of a meta-analysis and those that did not was statistically significant (Table 2 ). Even when we exclude studies that did not meet our definition of a meta-analysis, thereby removing arguably the worst meta-analyses, the ranges of scores for AMSTAR and PRISMA were 9%-82% and 20%-93%, respectively. There were numerous examples of meta-analyses at both ends of the overall quality spectrum. 12, 13, 16, 24, 37, 43, 49, 89, 96, 101, 105 Surprisingly, experience in performing a meta-analysis also did not ensure that it was of higher overall quality. For example, authors from a single institution produced no less than 8 meta-analyses with deficiencies that were often repeated from one paper to the next. [39] [40] [41] 52, 87, [101] [102] [103] The meta-analysis by Lucas et al. 65 on the treatment of intracranial dural arteriovenous malformations is an example of what we contend is an inaccurate use of the term "meta-analysis." The authors reviewed existing literature but simply summed the percentage of cases that were successes and failures for a given treatment modality and applied a chi-square test, which is not a proper method. 36 The following lengthy commentary by one of the paper's reviewers, an epidemiologist, summarizes precisely the problem with many meta-analyses in the neurosurgery literature (this commentary, along with others, was published along with the study):
We are concerned about describing this report as a "metaanalysis." It is true that meta-analysis can be simply defined as a systematic review that uses statistical methods to combine and summarize the results of several trials, and any review of such as this might be argued to be a "meta-analysis." However, epidemiologists have something different in mind when they discuss meta-analyses, or at least meta-analyses that are considered valid in the growing field of evidence-based medicine. The best meta-analyses compile information from controlled and/ or randomized trials, but even when uncontrolled case series or observational studies (such as those presented in this review) are combined for statistical reanalysis, the reader has to have some reassurance that the patient populations receiving the different treatments are similar and homogeneous. In this review, for example, we really have no idea of what kind of patients are being compared, other than that their malformations were located in a certain anatomic region. No effort was made to present or adjust for patient characteristics that may have confounded the analysis, and it is not clear that the data collection was systematic or scored for quality. We are not sure that the conclusions of this combined analysis need to be considered any more valid than those of any one of the series included in its review.
Such "pseudo-meta-analyses" by Lucas et al. and others should be more precisely considered an attempt at conducting a systematic or narrative review. In our opinion, neurosurgeons, for the most part, have only a general understanding of meta-analyses and thus believe that they can be done with relative ease. This belief may be fostered by the easy availability and access to meta-analysis software such as RevMan (Cochrane Collaboration). To the contrary, however, Berman and Parker 15 correctly state that a meta-analysis "…cannot be thought of as a quick and easy way to pull a lot of studies together and come up with a publication, but like any other study, requires an appreciable investment of time in planning and implementation."
Although there is clearly overlap in the items between PRISMA and AMSTAR, PRISMA is only a guide on what to write in a meta-analysis paper; it does not provide the specifics on how to conduct the meta-analysis. More succinctly, adequacy of reporting does not ensure proper methodology. This is why the creators of PRISMA were clear in stating that it is "…not a quality assessment instrument to gauge the quality of a systematic review." 69 This point is exemplified by the meta-analysis by de Oliveira et al. 26 The authors sought to answer whether clipping or coiling ruptured aneurysms had any effect on shunt dependency. This meta-analysis was fairly well reported, satisfying 14 of 25 PRISMA items (Q16 and Q23 were not applicable). The authors concluded that coiling was associated with a higher risk of shunt dependency than clipping, but they observed significant heterogeneity (as indicated from the test of heterogeneity), which should have prompted them to reconsider use of a fixed-effects model. A random-effects model, in addition to being a more appropriate method, also had the drastic effect of nullifying their conclusion: there was no longer a benefit to surgery compared with coiling. 81 Despite our strong criticisms, we have demonstrated that meta-analyses in the neurosurgery literature do seem to be improving in both reporting and methodology with time. They are also of higher quality when the authors focused solely on designing and conducting a meta-analysis and when the authors included one or more persons that had specialized training in conducting a meta-analysis. It has been argued that the creation of a meta-analysis requires a team, which should include both statisticians and physicians, each bringing their own area of expertise to the task at hand.
45,112
Literature Review
Although our study represents the first attempt, to our knowledge, to apply the PRISMA checklists to existing meta-analyses, retrospective assessment of methodology quality has been performed before. Delaney et al. 27 used OQAQ to assess the quality of reports in the critical care literature before and after the publication of the QUOROM statement. They found that overall quality was poor (mean overall OQAQ score 3.3 of 7) and noted particular shortcomings in the literature search and avoidance of bias in the inclusion of studies, but they did find that the quality improved after the release of the QUOROM statement. Dixon et al. 31 found that most studies in the general surgery literature, even after QUOROM, had major methodological flaws, with a median OQAQ score of 3.3. Factors associated with low overall scientific quality included the absence of any prior meta-analysis publications by the authors and meta-analyses produced by surgical department members without external collaboration, a finding that we observed as well. Dijkman et al. 30 found that the quality of methodology of metaanalyses in the orthopedic literature did improve with time but that a substantial proportion continued to show extensive flaws, again similar to our results. Similar appraisals of quality of systematic reviews have been done in the anesthesia, 20 general medical, 66 and emergency medicine 55 literature, as well as a cross-sectional sample of all systematic reviews entered into MEDLINE at a particular time and year. 71 Turner et al. 107 recently demonstrated that trials published in journals that endorse the CONSORT checklist are significantly more completely reported for several key CONSORT items than those published in nonendorsing journals or prior to endorsement in a given journal. Kiehna et al. found that the mean CONSORT scores were higher in 3 major medical journals (JAMA, Lancet, New England Journal of Medicine) that endorsed the CONSORT statement than in 5 neurosurgical journals, including Journal of Neurosurgery and Neurosurgery, that did not (41 vs 26.4).
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Is a Meta-Analysis Appropriate?
In the process of formulating the primary question for a meta-analysis, the researcher must also ask whether the question is clinically relevant and whether it is appropriate to compare groups of patients. For example, a recent well-conducted meta-analysis was designed to answer whether there was a difference in the improvement in leg pain and complication rates in patients undergoing a traditional open lumbar microdiscectomy compared with those who had a minimally invasive discectomy. 24 There is little doubt that this constitutes a clinically relevant and valid comparison and is worthy of a meta-analysis; however, other meta-analyses have posed questions that are of questionable clinical relevance or inappropriate for a meta-analysis. For example, one could argue that most children who undergo a craniotomy for a craniopharyngioma have a larger and more complex tumor than those children who undergo a transsphenoidal operation, usually having a tumor confined within or just above the sella. 37 Contrasting these 2 groups of patients is certainly clinically pertinent, but it is debatable whether a formal meta-analysis can or should be done. Other examples included evaluating the survival of patients with glioblastoma who underwent a biopsy only versus a resection, 106 the timing of surgery for patient with aneurysmal subarachnoid hemorrhage, 25 and comparing the risk of cranial neuropathy in patients who underwent radiosurgery compared with surgery for cavernous sinus meningiomas. 101 In other papers, there was no comparison group at all. 13, 17, 105, 115 For these reports, the term "meta-analysis," according to our definition, would not have been appropriate. Neurosurgery has recently stated that they will not accept noncomparative meta-analyses for publication because of the many undetectable and insurmountable biases. 11 In summary, a meta-analysis should not be done if the question at hand is currently clinically irrelevant or outdated, if the treatment and control groups are so different as to preclude a meaningful comparison, or if there is no comparison group. In these situations, a systematic review of the literature may be the better choice.
Study Limitations
There are a number of limitations to the present study. Although we included a large number of meta-analyses in our evaluation, our search may not have identified all meta-analyses published in the specified neurosurgical journals. Some meta-analyses may also have been missed if they were contained within a systematic review and the authors did not identify it as a meta-analysis. Some of the items in the questionnaires, particularly PRISMA, introduce an element of subjectivity when there were multiple components within a single item (see Appendices 1 and 2). As stated in Methods, we were much more stringent in categorizing whether a paper fulfilled an item within AMSTAR than within PRISMA. Likewise, assigning an all-or-none score for an item may be misleading, falsely lowering the perceived quality of a paper. This has recently been addressed by Kung et al., 61 who created a revised AMSTAR (R-AMSTAR) in which each of the 11 items is subdivided into 4 components with a score ranging from 11 (where none of the items were fulfilled) to 44. This revised AMSTAR permits a detailed analysis of acceptable versus deficient aspects of each systematic review or meta-analysis and reliably quantifies the 11 domains; however, R-AMSTAR has yet to be widely tested or accepted. Our use of the AMSTAR and PRISMA checklists to calculate a "score" is also a valid criticism and limitation since neither instrument was intended for use in this way. Our score, however, is a simple proportion defined as the number of items fulfilled in the instrument divided by the total number of items contained in the instrument. The respective scores are straightforward and easily interpretable ways to present and quantify the quality of a meta-analysis that has, also, precedent. 34 Finally, there were a few meta-analyses of individual patient data. 46, 51, 110 These represent rare and unique meta-analyses in which the application of PRISMA and AMSTAR is challenging and should be conducted using established techniques. 113 
Our Recommendations
The results of our study underscore the need to standardize the way meta-analyses (and systematic reviews) are designed and reported. Applying PRISMA and AMSTAR to future meta-analyses should result in higher quality in both reporting and methodology and decrease the inappropriate and incorrect use of meta-analytical techniques (what we term "pseudo-meta-analyses") and the word "meta-analysis." We offer the following recommendations.
1. A clear definition of a meta-analysis (and systematic review) needs to be adopted.
2. If prospective authors decide to use the term "meta-analysis" to describe their study, both PRISMA and AMSTAR need to be applied. These checklists should be easily accessible through the website of the journal to which they wish to submit. If their study does not conform to the definition of a "meta-analysis" or "systematic review," then other terms such as "narrative review" or "literature review" should be used instead, with the recognition that these studies will not meet the same criteria.
3. Reviewers for the journal need to be familiar or "trained" in these checklists so that they can recognize whether the items have been fulfilled.
4. Physicians should team up with one or more persons who have expertise in the statistical techniques of meta-analyses.
5. We encourage journals to create a link on their website where all systematic reviews and meta-analyses that have been published by that journal are categorized and readily accessible to readers. Prospective authors can view what meta-analyses have already been done, and neurosurgeons can rapidly find topic reviews to assist them in the application of evidence-based medicine to their clinical practice.
Conclusions
Oxman et al. 77 stated, "The fact that a review article is published in a peer-reviewed journal, even a prestigious one, is no guarantee of scientific quality." Our study verifies this claim. We have shown that there is wide variability in the reporting and methodology of meta-analyses in the neurosurgery literature by applying the PRISMA and AMSTAR checklists. Many meta-analyses contained major deficiencies and some used the word "meta-analysis" inappropriately or incorrectly. The overall quality, however, is improving with time and is better when the authors collaborate with others who are familiar with meta-analysis techniques. The publishers of the Journal of Neurosurgery, JNS Publishing Group, should insist that reporting and methodology checklists be used for every submitted meta-analysis to elevate the quality of these important pieces of evidence-based documents to levels on par with other medical journals.
